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REQUIREMENTS FOR AUXILIARY STIEFSNERS ATTACHED TO PANELS 
UNDER COM3 1 NED COMPRESSION AND SHEAR 
By Merit Scott and Robert L, Weber 

SUMMARY 



Panels of aluminum alloy sheets, framed by side and 
end stiff enern , were, subjected to combined loading by 
means of offset knife edges a o plying loads to top and 
bottom end plates with reacting forces against the end 
plates supplied by laterally acting roller-. 

The tost specimens '••ere 17S— T aluminum alloy sheets 
C.340 inch thick in panels Of 10— inch width and throo dif- 
orcnt lengths (approximately 10, SO, and 30 in.)« Data 
wnrc obtained for the bowing of transverse and longitudi- 
nal ribs of rectangular cross section and varying depths 
mounted on one side of the shoot only, for several ratios 
of compression to shear loads. Limiting values of the 
moments of inertia woro calculated from these measure- 
ments • The oacpor imontal valv.es exceed the theoretical 
values •;ivon by I i r.os he nho for the case of simply sup- 
ported sheets with uniformly distributed boundary stresses ♦ 

-ho work reported includes mcasur ombnt s .of tfhc effec- 
tive shear moduli of the nine test "panels with and without 
ribs. - These data are compared with values published by 
L a h d o a n d Va g n e r . 

INTRODUCTION 



Economical use of material in structural panels 
stiffened by ribs requires so:.o moans cf determining the 
nocossary flexural rigidity of the ribs* Methods for 
calculating the required momenta of inertia of stiffening 
ribs have been outlined by liraoshonko (reference l) for 
cases of rectangular sheets stiffened by transverse or 
longitudinal ribs and loaded in shear or compression. 
Tho aoaonte of inertia 3o calculated are those for' which 
the ribs remain straight whon the pl£to buckles undor 
load* 
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There is evidence that in practical cases the 
required rigidity of ribs on sheet panels is greater than 
that predicted "by the approximation theory "based on 
equating the sum of the strain energy of the buckled 
plate and that of the ribs to the work done by the ex- 
ternal forces. It is therefore desirable to have experi- 
mentally determined limiting values of Y for the re- 
quired moments of inertia. 

Data were obtained on the bowing of ribs of differ- 
ent moments of inertia under panel loads gradually in- 
creased to nearly the yield values (as determined from 
preliminary tests) on each of nine types of rectangular 
sheet panels stiffened by transverse or longitudinal ribs 
of rectangular cross section, mounted on only one sido of 
the sheet. 

This investigation, conducted at The Pennsylvania 
State Oollege, was sponsored by and conducted with finan- 
cial assistance from, the National Advisory Committee for 
Aero naut ics . 



SYMBOLS 



Test specimens are identified by a code number (for 
example, 11T2) in which the first digit specifies the 
length-to-width ratio, the second the number of ribs, and 
the last the reciprocal of the rib depth in inches. -he 
letters T and L are used to indicate ribs in the trans— 
verso and longitudinal position, respectively. The fol- 
lowing summarized notation is substantially that used by 
T imos henko , 

A cr os s— sect i onal area of rib 

a panel length, between screw linos 

a 1 width of rib cross section (3/8 in.) 

3=31 

b panol width, between screw lines 
b ! depth of rib cross section 
b^ limiting value of b 1 
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c 2c = depth of rectangular beam (equation (o)) 

c,c ! sheet diagonals (fig. 5) 

dc increase of panel diagonal c 

— dc 1 decrease of other panel diagonal c 1 

3 



D = 



3 h* 



12(1 - H ) 



3 modulus of elasticity (1G.3 x 10 fi lb/ in, 2 for 17S-2 
aluminum alloy) 

0 base of ITaperian logarithms 
Cr 0 effective shear modulus 

h thickness of shoot 

1 uoLiont of inertia of rib cross section relative to 

axis through a' edge 

K knife edge 

k knife-edge displacement, inches 

I longitudinal distance between gago points (fig* 5) 

I length of bean between supports (equation (3)) 

L longitudinal stiffen or 

P knife-edge load, pounds 

S slope of 5 against P curve 

S 0 slope of 5 against ? curve at zero rib thickness 

T transverse stiffoner 

lateral distance between gago points (fig. 5) 



w 
P 

5 deflection of rib at midpoint 



a 
b 



A 



bh 
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Y shear stress 




panel in compression 



V = --, panel in shear (See reference 1, chap. 711. ) 
aD 

Y L limiting value of Y for stiifener of large rigidity 
€ mean compressive strain 
X a constant 

shear load 

T snear stress in sheet, 

he 

u Poisson's ratio (0.33 for 17S-T aluminum alloy) 



APPARATUS, MATERIALS , AJTjD ZZST PH0CS2UH3 



The method used to subject the specimens to combined 
compression and shear is shown schematically in figure 1. 
The load was applied to the test panel through :;/o knife 
edges K and the small rollers r; while reactions 
occurred through rollers P., eight in number located in 
pairs at the four corners of the panol. With the knife 
edges in central positions, the panel was subjected to a 
compressive load. When the knife edges were displaced • 
laterally, the panel experienced a load of combined com- 
pression and shear. When the knife edges v:ere ever t he- 
vertical line of screws in the side stiff orders , it was 
assumed that the loading was pure shear. 

The frame of the testing jig v/as built from struc- 
tural steel (figs. 2 and o). The vertical guides for zho 
test panels were angle irons (5 by 5 by 1 in.) bolted in 
pairs to form T's in which slots were machined to receive 
the panels. Rigidity of the frame was secured by welding 
four plates (20 by 8 by 1 in.) between the vertical mem- 
bers at the top and bottom. The frame rested cn a base 
made from an H-boam (10 by 10 in., weighing 72 lb/ft) 
between the flanges of which vertical stiffeners cut fron 
angle iron (4 by 4 by l/2 in.) were welded oelcv each of 
the upright membors of the frame to provide a rigid sup- 
port for thorn. 
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Loads were applied by a hydraulic jack of 7— ton ca- 
pacity (Blackhawk Mfg. Co. Model C-ll-Cx) , mounted on an 
upright H-beam "bolted to one side- of the frame. The jack 
was provided with a pressure gage (Mar sha lit own Mfg« Co.) 
of G— inch diametor calibrated to road loads from 0 to 
20,0C0 pounds for a 1 . 544-inch-diamet or ran. The lover 
"bar -was a piece of Ho, 2 Samson steel (6 "by 1 "by 60 in., 
The Carponter Stool Co.). The roller "bearing usod for the 
fulcrum of the lever was of 4-^-inch diameter and 1-inch 
length (generously supplied "by Messinger 3earings, Inc.). 
Knife edges were machined from Stentor steel and hardened; 
while the rollers were cut from drill rod and were hard- 
ened. 

The ond plates shown in figures 3 and 4 were machined 
from tool steel and had a rectangular cross section with 
a height of 1^ inchos. Hollers R of 3/3-inch diameter 
wero recessed in the end plates to hoar against the up- 
right guidos of the testing jig. 

Tho panels tested wore of 16-gage 17S— T aluminum alloy 
of commercial grade made "by tho A luminum. C ompany of America, 
cut so that the direction of rolling was along the (verti- 
cal) direction of loading in tho jig. The stiffening ribs 
and the side stiffeners were milled from 17S-T "bar stock. 
Sido stiffeners were cut to "butt cloanly against the ond 
plates* The fit of tho panel in the slot of the vertical 
steel guidos was within C.005 inch, hut tho specimen could 
"be pushed along tho guides by hand. A list of shoot dimen- 
sions and sketches of the nine types of panel tested aro 
shown in table I and in figure 5. 

Tho bowing of tho stiffening ribs was measured "by 
dial gages (Federal Products Corp. Model D-S-IS , full jew- 
eled) mounted as shown in figure 2, connected' to the ribs 
by moans of 30— gage aluminum wire. Dial gagos also wore 
used to obtain data on the of feet ivo. shear modulus. For 
this purposo they wero mounted along the diagonals of tho 
sheet panels as shown in figures 2, 3, and 5 , connect ions 
being made with 26— gage aluminum wire. 

PRECISION 



Tho validity of these measurements depends on three 
factors: correct calibration of tho gages used to measure 
loads and deformations, a rigid frame of referonco for the 
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deformation measurements, and negligible friction between 
sheet panel and guides and in the loading system. 

• Dial ragos were checked against a Gaertnor compara- 
tor Those of the full Jeweled typo were found to give 
reproducible readings under tho conditions of use when tho 
lllllnll wire was directed along tho axis o thcgage. 
The "calibration of the Jack gage was checked against a 
Crosoy dead-weight gage tester: and a eorroe -^-^ 
drawn. Load measurements are judged bo bo accurate wit., 
in 50 pounds and deformation measurements within 0.003 
inch, 

A satisfactory check was made of the rigidity of the 
jig by substituting for the aluniv-iK rest panel a steel 
plate of 7/lG-inch thicicaesc and applying 
load to be used in tho tests. 




tho maximum 



RESULTS A2TD ANALYSIS 
Limiting Values of Gamma 

Data of bowing against knife-edge load were obtained 
for several depths of stiffening ribs and for positions of 
the °nl?e edges ranging from pure compression to-praeti- 
cally pure shear. When plotted, the data of bowing (6) 
against load (P) resulted in smooth curves with fairly 
All defined slopes. Curves obtained from a sejuence 
five different knife-edge positions show a regular decrease 
in slope with decreasing values of the ratio of shear to 
compression. The range of values of the slope is much less 
for sheets with longitudinal ribs than for those *£\ 
transverse ribs. These character ist ics ar « shown by the 
sample curves of figures 6 and 7, for the 21T4 and 21L4 
sheets, respectively. A regular deer e aa * in Qf 3 ^ e r * 3 
observed with increasing moment of inertia of the r1 **. 
lYu illustrated by figure 8. Values of the slopes deter- 
mined from the graphs of 6 against P are listed in 
table II • 

It was hoped originally that Southwell's method (ref- 
erence 2) might be applied to the determined J« J* *Jj 
limiting values of the moment of inertia, but after trial 
tne aethod was set aside, as were several empirical metn- 
ods , in favor of the following. 



Trial showed that the relation 
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(1) 



holds satisfactorily for tho stiffening ribs that are not 
too deep. The limiting value of rib dopth was therefore 
defined as the value of b 1 for which S is equal to 
Sje. In almost all cases the Uniting value of rib depth 
as defined above, occurred in the region in which the 
relation (equation (l)) was valid within the limits of tho 
experimental error. 

The procedure for finding the Uniting values of tho 
rib depth b T . was to plot the logarithms of the slcpos 
of the 6r-againat-P curves against the rib thickness b' # 
Tho intercept on the logarithmic axis yielded S Q and 
the values of b L then were read directly from the curves 
Owing to limitation of data, it was helpful in many cases 
to plot S against b 1 to servo as a guido in properly 
woighting data. 

Illustrative curves of S against b 1 and -°£^ s 
against b f are given in figures 9 to 11. Table III 
lists the summary of the limiting values of Y obtained 
as explained previously, with pertinent information for 
all panels. Figure 13 and table IV list Timoshenko^s 
values of Y against p, taken from reference 1, for 
simply supported panels with uniform boundary stresses* 
Figures 14 to 16 show the experimentally determined val- 
ues of Y for the particular panels of this report plot- 
ted along with related values given by Timoshenko. The 
moments of inertia of the ribs from which the values of 
Y were calculated were obtained from the relation 



neglecting the effect of the associated sheet, the screw 
holes, and the screws that held tho rib to the sheet. 

Since it was a priori questionable whether tho cal- 
culated values of the rib moments of inertia ware "made 
good,™ the effective values were measurod for a particu- 
lar case for each thickness of rib. To the rib there was 
attached a strip of 0.040 inch 17S-T sheet 1.22 inches 
wide, using 6-32 brass screws spaced 3/4 inch between cen 
tors just as in the experimental panels. Tho stiffener 
was then supported horizontally between knife odgos 23,6 
inches apart and loaded at the center to produco bowing 
in the same sense as that experienced on the test panels 
that is, with tho rib concave toward tho sheet, placing 
the scrow holes in compression* 



I = l/3 a ? b 1 3 



(2) 
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?or a concentrated load ? on a oca::., tho maximum 
(central) deflection is givon by (reference 3) 

5 a J±L fi + 3.12 (2c/ O 2 1 (5) 
48 II v J 

or, a p or o x i Lia t o 1 y , 

5 

For each ric the deflections corresponding to several dif- 
fer cat loads were measured "by a nicronetcr screv;, and aver 
a^o valiics of I were calculated fro:.: equation (o 1 ) • 
These represent effective aoxaents of inertia for the r i"b 
plus a strip of sheet of width approximately 15 tiuos the 
sheet thickness on each side of its center line. Those 
effective values arc co.v.pared with the aononts of inertia 
calculated for the ribs plus shoot relative to their neu- 
tral axis in table 7, which also includes for convenience 
the values l/o a , c 13 . In figure. 12 the effective moments 
of inertia and calculated values relative to the neutral 
axis arc shown as ordinates with the if 3 a ! b 13 values as 
abscissas. The values of A = A/'bh for the ribs also are 
given in tabic V. 



P 

43 31 



f3 I ) 



Effective Shear Modulus 

Values of the effective shear modulus were obtained 
for each of the nine sheet panels usi:i~ stiff oners of 
various depths. These were based on shear aoasur e ment s 
aide with dial gages attached by tabs to the lower ends 
of the side stiffenors (fi;-;. o) and connoctod by aluninun 
wire to moasuro the changes in the lengths of the sheet 
diagonals (fi-:« 5). The shear strain was calculated fron 
tho "elation 

- c(dc-dc') (4) 



2 ab 

Graphs* of shear stress against strain were drawn, 
such as figure 17, and tho shear moduli taken as the val- 
ues of the slopes of secant's drawn fron: the origin to 
points on the curves corresponding to stresses of 1000, 
2000, and 3000 pounds per square inch, respectively. 
Those shear moduli together with values of the parameter 

h/b %/s/t are presented in table 71. 
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The data listed in table VI for unstiffoned sheets 
represent preliminary neasurencnts of shear taken "before 
the sheet was drilled for ribs. Thus 11T0 and 11L0 rep- 
resent similar, unstiffoned sheets and should have equal 
□ odu 1 i t 



Effect cf Bending of Side Stiffonors 

The mothod in which the sheet panels were supported 
in the testing jig pornitted a possible bowing of the 
side stiffeners toward the center of the panol. The nag— 
nitudo of this "bowing and its effect were investigated. 
A tfhittonoro gage was used to span the sheet panel and to 
r.easuro the slight bonding of the side stiffonors toward 
each other as the shoot was loaded. With a 30-inch sheet 
without ribs and at the highest loads, the naxinun inward 
"bonding of tho sido stiffeners was about 0.0C2 inch for 
compressive loading (k = 0) and about 0.025 inch for shear 
loading (k = 10±) . 

Use of Sproaders 

To study the effect of restraining the inward "bowing 
of tho sido stiffonors, stoel spreaders were nado of drill 
rod provided with end pieces machined to "bear against the 
sido stiffoners of tho shoot panel without touching tho 
shoot. Those were attached as shown in figure 3. With 
two such spreaders spa cod symmetrically on each side of 
tho 30-inch panol, the maximum inward "bowing of tho sido 
stiffonors was about 0.001 inch for compressive loading 
and about 0.013 inch for shear loading. 

Measurements of rib bowing and of shear of tho sheet 
panels were made with and without spreaders for all shoots 
except these having longitudinal ribs too doop to permit 
cloaranco of the spreaders. As many as four pairs of 
spreadors were usod (33T shoot), placed midway between t ho 
transvorso ribs. These measurements shewod that tho effec- 
tive shear modulus of a sheet was increased about 5 percent 
by tho prosenco of the sproaders. It was not sensitive to 
the placing of the spreaders or the extent to which they 
were tightenod. On the other hand, tho magnitude and direc- 
tion of tho rib bowing were greatly influenced by tho addi- 
tion of sproaders. All data reported on bowing were taken 
without spreadors. ..Insofar as values of effective shoar 
moduli aro concernod, it is concluded that the testing jig 
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usod yielded results substantially the same as these that 
would bo obtained with a jig that provided the side stiff— 
oners with continuous support against inward bowing. 

DISCUSSIOH 

Limiting Values of Gamma and Moment of Inertia 



Figuros 14 to 16 show the principal results. A sim- 
ilarity exists between the experimental values for the 
particular panels of this report and Timoshenko f s theo- 
retical values for simply supported panels with uniform 
boundary stresses, but the experimental values are in all 
cases higher. The experimental points are based upon mo- 
ments of inertia computed by 1/3 a'b' 3 without regard to 
sheet or screws or screw holes. The use of l/o a ? b |3 fol- 
lows Timoshenko, as shown by example in the reference 
given; its use here is justified by the evidence shown in 
table V that the effective and computed values of the 
moments of inertia of the ribs arc in quite close agree- 
ment for all ribs up to 1 inch depth for the particular 
case tried. 

In the case of longitudinal ribs, the experimental 
values should be expected to be somewhat too high as the 
A values were high for the limiting ribs (tables III and 
V). 

It should be emphasized that Timoshenko f s theoreti- 
cal values for the limiting gammas are based on sheet pan- 
els with all edge s 's imply supported and with uniform 
boundary stresses. The experimental panels of this report 
were not designed to duplicate the conditions of 
Timoshenko^ calculations but were chosen as a feasible 
case with which to experiment and one for which the results 
would have considerable practical value. 

The comparison depends on the definition adopted in 
the experimental work for the limiting moment of inertia. 
If a value corresponding to S Q /lO wore accepted, for 
instance, much greater values would result. Just as a 
centrally loaded column deflects because of lack of ini- 
tial s t ra i ght nes s , so these ribs may be expected to deflect 
at' the initial loads as a result of the imperfections of the 
sample and the eccentricity of the ribs.' As will be pointed 
out under Zffective Shear Modulus, all sheets as well as 
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ribs did show lateral deflection, at the initial loads and 
anything corresponding to calculated critical "buckling 
stress is quite suppressed and not directly o"b s ervab le • 
Perhaps, as suggested under the following section, the 
Uniting value should "be "based on the attainment of lim- 
iting rigidity, "but experimentally this is indirect. 

Effective Shear Modulus 

Figure 13 and table VII show the variation of effec- 
tive shear modulus for sheet panels against a parameter 
defined as h/b J^Ji as given "by Lahde and Wagner (ref- 
erence 4) together with the experimental values obtained 
for the panels of this report. The experimental values 
plotted are averages, for each panel, over the range cf 
rib dopths employed. The. slopes of the experimental 
curves as drawn are higher than these of the theoretical 
curves, For the 11T and 11L panels, there is one value 
of G- G higher than that for a panel in pure shear. This 
probably results from the- fact that the ribs and the frame 
brace the panel in such a way as to bring Young's modulus 
into action. 

All panels and ribs were in all cases observed to 
start lateral displacement at the lowest loads. Thus, 
theoretical buckling load could not bo directly related 
to these observations, a fact which accords with other 
workors 1 results • 

Figure 19 and table VIII show how the effective shear 
modulus for each panel varies with the moment of inertia 
of the ribs* This in itself provides a second method of 
determining the limiting rib, and qualitatively corrobo- 
rates £ho procedure employed in this report for obtaining 
the limiting moments of inertia. 



CONCLUSIONS 
Limiting Gammas 



Since the sheets and the ribs of the panels of this 
report showed lateral deflection at the initial loads, 
some method of defining the limiting rib was necessary. 
When thjo limiting gammas for those panels, as obtained by 
the empirical method for finding the limiting rib depth 
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as devised in this report, are plotted as a function of 
length-width ratio and brought into juxtaposition to those 
obtained theoretically by Tincshonko for panels with all 
edges simply supported and with uniform boundary stresses, 
a sinilarity of the. relations is observed, but in all 
cases the exper ir-ent al values are higher, The conditions 
of simple. edge support and uniform boundary stresses can- 
not be' considered to obtain for the cxper imo ntal panels. 

In all cases the exper in ent al ribs were mounted upon 
only ono side of the shoot. However, the ribs nay not 
have bent with the neutral axis in the plane of the s-xeot , 
thus offering a aaxinun nonent of inertia, as is assumed 
by I in os henko • 

The experimental values cover the cases of panels in 
concession, and in sheaf with one to t.hroe transverse 
ribs and in "compress ion and in shear with one longitudinal 
rib. 



Effective Shear Modulus 

The experimental values of the effective shear (secant) 
modulus of the panels are in as good agreement as could be 
expected with the values published by. Lahde and Wagner. 



Department of Physics, 

The Pennsylvania State College, 

State College, Pa., September 16, 1943. 
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TA3L3 I.- DEBITS IOiTS 0? T3ST .RAltBLS. 
["b.= 10.63 in. for all pajiels] 



• 

Sheet 
type 


Sheet 
thickness 
..(in.) 


a 

(in.) 


w 

(in,) 


I 

(in.) ' 


C r C 1 
(in.) 


11 T • 


O.0392 


IO.63 


10.22 


3.?7 


1"? ol 


11 L 


,0U08 


IO.63 


10.20 




13.50 


21 T . 


.0400 • 


21.25 


10.20 


19.39 • 


21. 9U 


22 T • 


.0*403 


21.25 


10.22 


19.39 • 


21. 3k 


21 L . 


.0352 


21.25 


10.20 


19.37 ■ 


21.9U 


31 I • 




31.35 


10.22 . 


29.97 '• 


31. 6U 


32 T 


.0393 




10.20 


29.97 


31. 6U 


33 T • 


.0U01 


31.35 


10.19 


23.97 • 


31.63 


31 L . 


.0389 


31.25 


10.22 


29.97 


31.63 



TABLE V.- C0MPASIS01T OF CALCULATED ABS EFFECTIVE MOMBOTS 
CF IEER2IA FOH RIBS 



Ri"b cro'ss section 
(in.) 


I = 1/3 a'b' 3 


I • 

calculated' 
(neutral 
axis) 
(in.*) 


1 

effective 
(in. 4 )" 


1/3 x 3/S 


2.Vjx 10~ 4 


Z.Zkx 10~* 


2.32x 10" 4 


l/U x 3/3 


19.60 


11.53 


11.23 


1/2 x 3/S 


•156.2 


67.I 


65.6 


3/U x 3/3 


■527 


196 


193 


1 • x 3/S 


1275 




3^+6 



0.11 

.22 

.66 
.83 
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TA3LZ II.- SLOPES OF 5 AGAINST P CUHYZS 
[c/P in. /lb] 



5 /.cot 
cede 




1 

> = , ; > = ;xJL 1 

1 " *• ! 


*-5* 


k = 10fc 


112 1 
2 
i* 

8 


3.2 x 1C" 6 
1.7 

12.5 


J 


2.6 x lO - * 

16 

20 . 


U-.l x 10" 6 
21 
30 


3.6 x 10 -6 
12.1 
27.5 

Uo.o 


in i j i.i 

2 6.3 

U 1 16.5 
s ; 2^.5 


! 

i 

i 

j 

1 


1.2 

7.1 
12 
2U 


1.2 

5-9 

22 

32 


1.2 

10.6 
26.0 
U2.0 


* 

21T 1 | 

2 ! 

s 


I 

1^2 j 1.2 x 10"" 6 j 1.6 
2.7 , 3-0 ; 
13.3 16 22 . 


U-.6 

23 


2.5 
7.1 
2U.0 

50.3 


211 1 

2 
li 

o 


c.l 

l6.2 
25.5 

32.0 


6 • 5 1 5.5. 
! 17 

! 2S . 

; 33 


6.5 

IS 
30 
33 


6.0 
26.7 
Ul.3 
U9.2 


22C 1 

k 
3 


8.0 


« 2.5 

3.5 
: g «° 


2.5 
U..6 
13 


2.5 

19. 5 

1 


1 

311 l 


• 

2.1 
3.3 

70 


2.1 2.5- 

3.3 1 w 

• 7.3 : 9.5 


12.U 

26 


5.3 

23.5 
U5.0 


311- 1 

p 

U 

3 


1 

13.5 
33.5 
31.2 


16.6 ; 19.0 

33*5 1 37- 0 
36 i 
115 j U9 


1 — 
19.0 

Uo.o 

60 

60 


21.0 

U2.5 
63.0 

su.o 


32r i 

o 

c_ 
li 

g 


2.C 

l.U 
5.2 




2.0 

7.6, 9.8 
15-5 


2.6 
10. u 

15.3 


1 

2.6 
10. k 

25.0 


333 l 

u 

3 


1.5 

I. 5 

fc.3 

II. 0 


' 2.0 

U.3 

1^3 


1.6 

2.0 

6.0 

1U..3 


1 

7.5 
19-3 


2.0 
U.g 

10.5 
23.2 
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Sheet 

code 


k 

(in. ; 




e 


fin.') 
\ 1x1 ■ / 


V 3 

(in. 3 ) 


1 

(in.*) 


1 

3 


.1 ! 

1 

1 

1 


.6 = - 
b 


11T 
21T 
31T 


0 


33 
65 
33 


12.5 
23.9 
12.5 


0.125 

.09 


195 X 10" 5 

73 


2UU. x 10" 6 
61.6 
19-3 


2,510 

'635 
9U0 


3.8 I 
.96 i 


1 

2 
3 


22T 
32T 


0 


16.7 
25 


6.15 
9-2 


0.168 

• .085 


U75 
61.5 


59U 
76.9 


6,120 

•792 


0 ? 1 

1.3 1 


2 
3 


33T 


0 


20.6 


7.6 


0.18 


385 


730 


7,500 


11 


3 


11T 
21T 
31T 


ioi 


60 
9 U 
9 U 


22.1 
3U.6 
3U.6 


0.3H 
.190 


3010 
686 
528 


3760 

357 

660 


33,700 

8,820 
6,800 


58 

6.7 

3.»» 


1 

2 

3 


22T 
32T 


ioi 


36.5 

59 


21.7 


0.19 
• .1U5 


686 
306 


S60 
382 


8,550 
3.9U0 


6.7 

2.0 


2 
3 


33T 


ioi 


36 


13.3 


0.2U- 


138O 


1730 


17 1 800 


9.0 




111 
21L 
311 


0 


39.6 
U6.8 
52.6 


1U.6 
17.2 
19.^ 


0.275 
• U73 
.725 


2090 
10600 
38200 


2610 
13300 
U77OO 


26,900 

137,000 

U 9 2,0C0 


! * 

'207 


! 1 
2 

3 


111 
211 
311 


ioi 


66 

76 

10U. 


eU.3 

2S.0 

38.3 


0.27 
.U2 
• .60 


1970 
7UOO 
21600 


2U60 
9250- 
27000 


25.^00 
95,200 
278,000 


38 
72 

lUO 


1 

2 

3 
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IA3LS IV.- TJKOSHEHXD'S VALUES OF LIMITING GAMMA FOIL PANELS 
WITH SIMPLY SUPPORTED ED OS 



Panel in compression, 
one transverse rib 



a 


3 


3 = f 




O.bO 


. 101 


.80 


k2.S 


1.0 


21-7 


1.2 


12. k 


lA 


7-71 



Panel in shear, 
one rib transverse 
to "a" dimension 



I 





3 

y = tD 


0.50 


12.6 


.60 


7. 18 


.70 




.30 


2.30 


.90 


1.82 


1.0 


1.26 


1.2 


| . .^33 


1.1a 


0 



Panel in compression, 
three transverse r ibs 



Z 

1.5 

1.25 

1 



7 - 3 
* a P 

2.9 
6.3 
15 



Panel in shear, 
two ribs transverse 




Panel in compression 9 
one longitudinal rib 




5 

10 

15 
20 

25 



5 A = 0.05 



5 

10 

15 

20 

25 



5 

10 

15 
20 

25 



a = 0.10 



A = 0.20 
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TA3L2 VI.- SUMMA2T OF STSCTIVS S?3AB (SBCAHT) MODULUS 



0? PA1IELS 3Y SXPBRIMESTil METHOD 



Sheet code 


Shear stress, It/in.* 2 


•1000 


r 

2000 


3000 




h rs 

W T 


VJ • JO 


0.27 


0.22 


11T0 

8 

It 
2 




U..5U x: 10 6 


3.0S x 10* 
3-85 
)M 
U.00 


2.52 X 10 6 

3-53 

3.00 

3«oo 


11L0 
8 
h 
2 
1 




3*94 

U.50 

p. /- 0 
5»b9 

4.85 


2.90 
U.55 

7 QP 

3.6U 


2,80 
3. 08 
'4.62 
3 • c2 

3.62 


21T0 

Z 

u 

2 




- — T 

3-33 
KW 
3.70 
3.70 


2.31 
zM 
2.67 

C-« ( O 


1.33 
1.91 
2.33 
2.66 


21L0 
8 
1* 
2 
1 


1 


3.0s 
3.6U 
3.5c 
3.6U 


2.16 
2.7U 
2.67 

2.00 


1.82 
2.29 
2.36 

2 66 


22T0 

8 

h 

2 




3.6U 
3.03 
2.50 
3.SU 


2.22 
2.U7 
2.U0 
3.26 


1.S5 
2.U0 
2.53 
, 3.2U 


31L0 
8 
U 
2 
1 




2.00 
2.22 
2.98 
2.98 
• 2.70 


i.us 
1.91 

2.38 

j 2.28 


1 1»25 

1.6U 
1.9U 

2.1b 
2.13 


31 TO 
8 
U 

2 




2.35 
1.96 
2.00 


2.08 

l.*3 
1.60 


I.56 
1.72 
1.63 


32T0 
8 

2 




2.0U 
2.60 
2.50 


2.00 
2.U1 
2.33 


1.63 
2.05 
2.05 


33TO 

8 

2 


j 


2.18 
2.56 
| 2,28 


2.06 
2.20 
2.15 


1.89 

2.0^ 



1TA CA Technical Noto Ho, 921 



TABLE VIII.- VALUES OF i/lr ArED 5 k = 10£, AS PLOTTED III FIGURE 20 



Sheet 
code 


B '5 


3-1 D 

thickness ^ 
(in.) (in. 4 ) 

j 


II 

(in. 4 ) 

1 


i 


av. effective 
shear nodvJus 
(ID/in. 8 ) 


111 


1.00 


0.00 j coo 
.125 J .0002V) 
.25 ,00156 


0.00376 


0.00 

.0652 

.521 


3.36 x 10 s 

3.69 
3.67 


in 


1.00 


0.00 j 0.00 
.125 1 .00021+5 
.25 ! .00196 
.50 ; .0156 

1.00 .125 


0.0021+6 


0.00 

.0996 
.796 

6.31+ 

50.8 


3.21 
3.62 

4.65 
l+.Ul 
U.01+ 


21T 


: 

2.00 0.00 1 0.00 

.125 | .0002^ 
.25 i .00196 
.50 i .0156 


O.OOOS57 


0.00 

.286 
2.29 
18.2 


2.72 

2.93 
2.90 
3.01+ 


21L 


2.00 


0. 00 l 0.00 

.125 i .00021+5 

.25 .00196 
,50 j .0156 

1. eo .125 
1 1 


1 

0.00925 ! 0.00 

.0265 

.212 

j 1.69 
1 13.5 


2.35 
2.56 

2.81+ 
3.05 
5.53 


22T 


- 

2.00 


0.00 i 0.00 
.125 i .OC02U5 

.25 1 .00196 
.50 .0156 


O.OCOSb I 0.00 
.285 
j 2.28 
13.1 


2.57 
2.63 
2.1+9 
3.I+5 




3.00 


0.00 

.125 

.25 
.50 

1.00 


0.00 

.0002U5 
.00196 
.0156 
.125 


0.0270 

t 


J 0.00 

.0090s 

.0725 

.577 

1+.63 

— - 


1.58 

2.38 
2.51 

2.37 


311 


3.00 


0.0c 
.125 

.25 
.50 


0.00 

.0002U5 

.00196 

.0156 


0.000660 ! 0.00 

•371 

i 2.97 
1 23.6 


♦1.82 
•1.8U 


32T 


3.00 


0.00 

.125 

.25 

.50 


0.00 

.00021+5 

.00196 

.0156 


0.000382 


0.00 
.6U1 

1 5.13 

1+0.8 


1.89 
2.26 


33T 


3.00 


0.00 

.125 
.25 


0.00 

.00021+5 

.00196 

.0156 


0.00173 


0.00 

.11+2 

1.13 
9.02 


2. 01+ 
2.27 
2.13 



^Averaged over two values only. 
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FIG L.- SKETCH SHOWING METHOD OF LOADING 
SHEET PANEL \N COMPRESSION OR. COMBINED 
COMPRESSION AND SHEAR. 
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FIG. 5.- FORMS AND DIMENSIONS OF TE.ST PANELS 
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Fig. 3 
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FIG. 3. -MOUNTING OF SHEET PANEL 
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Fig. 4 
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